BACKGROUND: Zirconia is a commonly used ceramic for fixed full-ceramic restorations. Porcelain-fusedto-metal restorations applied for bruxers are often very quickly destroyed by this group of patients. OBJECTIVE: The aim of this study was to investigate the influence of accelerated aging tests on BruxZir HT 2.0 zirconia. METHODS: Zirconia samples were prepared with ISO 13356:2013 and ISO 14704:2008 protocol recommendations. The ageing conditions were times of 2.5, 5 and 10 hours, and pressure of 0.2 MPa and a temperature of 134 ∘ C. RESULTS: The correlation between ageing time and mechanical properties, particularly hardness, was difficult to find, while correlations between hardness and the surface topography and fracturing were clear. CONCLUSION: On the basis of the conducted research, it can be stated that BruxZir HT 2.0 zirconia meets the technical requirements for medical grade zirconia used in dental technology. Future investigations should include phase composition research.
Introduction
The use of zirconia-based ceramics in dental technology has been gaining considerable interest within the dental community. From the mid-1970s, significant research has been carried out on this subject as a result of the discovery of the phase transformation toughening of ZrO 2 [1] [2] [3] . The mechanical properties of zirconia are reported to be the strongest of all ceramic materials [2] . At room temperature and pressure, the monoclinic (m) phase is the stable phase of pure unalloyed zirconia. Doping zirconia with stabilising agents can maintain the metastable phases (tetragonal (t) and cubic (c)) in standard environments [4] [5] [6] [7] . In response to an external mechanical stress, a structural t→m phase martensitic-type transformation may take place at crack tips. As a result, volume expansion can lead to compressive stresses in opposition to crack propagation, thereby improving the fracture toughness [1, 8] . Fracture toughness is described as the capability of a material to withstand load in the presence of a pre-existing flaw [9] . Therefore, the use of zirconia, in particular, yttriastabilized tetragonal zirconia (Y-TZP), has extended the application of all-ceramic restorations from single crowns in the front section of the teeth arch, through full arch restorations fixed on implants, implant abutments and implant screws [10] [11] [12] .
Nevertheless, the mass-scale use of Y-TZP as a biomedical ceramic, with more than 600,000 femoral heads im- planted worldwide, as provided clear evidence of the limitations of this material [9, 10] . For example, the uncontrolled t→m martensitic-type transformation can be induced by environmental stresses, leading to degradation resulting from this aging phenomenon, causing surface roughening, microcrack development and zirconia grain pull-out in the human body [13] [14] [15] [16] . Aging occurs due to a slow t→m transformation on any Y-TZP surface in contact with an electrolyte or body fluid environment [17] . A degradation process starts at the surface with the transformation of isolated grains, generating localised surface uplift. As a result, a 4-6% volume increase was observed in one grain, promoting compressive stresses at the neighbouring grains via a kind of autocatalytic process, leading to further transformation and microcracking, which is a straightforward way to enable water penetration [17] [18] [19] . The kinetics of the Low Thermal Degradation (LTD) process are affected by material characteristics, such as density, grain size and residual stresses [20, 21] .
Even though the lack of zirconia stability leads to a significant decrease in its applications as a biomedical material, due to high mechanical properties, very high aesthetics and the development of CAD/CAM systems, the use of zirconia as pre-sinter blocks for the manufacturing of dental restorations as a replacement of porcelain-fusedto-metal all-ceramic restorations is now common [22, 23] . In spite of this, the use of zirconia in prosthetic dentistry has led to many issues, such as early cracking, chipping or debonding of the veneer material [24, 25] . This means that yttria-stabilised zirconia restorations are in direct contact with the oral environment variables, pH variations, mechanical loading as a source of external stress, wetness and in a critically low temperature for t-phase stability [26] . Based on these reports, it can be stated that the improvement of zirconia stability and the study of phenomenon LTD are still open issues.
Despite the lack of characterisation of Y-TZP as a dental material in clinical trials, different methodologies have been implemented to estimate the martensitic transformation in human body conditions. Isothermal accelerated aging tests can be performed in temperatures higher than 371 ∘ C, combining humidity, intermediate temperatures (134 ∘ C) and pressure [26] . Based on the kinetics of one YSZ material, it was stated that 1 h of hydrothermal accelerated aging in an autoclave in saturated water vapour is equivalent to 3-4 years in the human body [1, 8] . In other studies, it was stated that the degradation process may be more severe for full-monolithic YSZ, with 1 h of hydrothermal aging being equivalent to 1 year of in-vivo aging for grounded samples [1] . Therefore, the aim of this study is to evaluate the aging characteristics of BruxZir Y-TZP, ded-icated especially for bruxing patients or for CAD/CAM systems in terms of mechanical properties and surface topography.
Materials and methods

Sample preparation
BruxZir HT 2.0 zirconia samples were prepared with ISO 13356:2013 and ISO 14704:2008 protocol recommendations for mechanical test evaluation. Zirconia CAD/CAM blocks were sintered in the following conditions: heating rate 10 ∘ C/min, final sintering temperature 1530 ∘ C, dwelling time 2 h and cooling rate 4 ∘ C/min. Sintered blocks were cut with a Struers Secotom 15 microcutter with a 0.05 mm/s table feed speed for a 45 mm width, 4.0 mm and 3.0 mm thickness. The cut samples were grinded and polished with a Struers Labopol 25 polisher with 1200 and 2000 grinding papers, as recommended for ceramics, and colloid diamond polishing liquid and diamond foil. Aspolished samples were washed in an ultrasonic bath with deionised water and cleaned with cotton wool sticks immersed in absolute ethanol.
Characterisation
Cleaned samples were subjected to the accelerated ageing test in saturated steam in the following conditions: 134 ∘ C, 0.2 MPa pressure and three holding times of 2.5, 5 and 10 h. The accelerated degradation process was conducted in an HMC HMT 260 FA autoclave. Sample descriptions and characteristics are presented in Table 1 . The surface topography was investigated with atomic force microscopy (AFM) using a PARK System X-E 100 microscope. The analysis was performed with a VIT_P needle-type probe analyser. 
Results
Surface topography
Based on the AFM microphotographs of the aged samples, spherical changes were observed on the surface, as shown in Figure 2 . On the basis of this observation and the available literature data [4, 5] , it can be stated that the surface sample changes are connected to the accelerated t→m phase transformation. Additionally, grain pop-outs were observed in each sample group. The largest amount of changes, both spherical-like and pop-outs, were observed in the samples that were aged for the longest period of time. The comparison between all samples is presented in Figure 3 . In addition to microtopography, the surface roughness (R A ) was measured ( Table 2 ). The SEM microstructure and fracture topography were also investigated. Figure 4 shows a comparison of all samples after accelerated aging and the blind samples. It is significant that with increasing aging time, an uplift of the surface and some pop-outs (uplift and loos of grains) were observed.
Mechanical properties
Mechanical tests were performed for all samples. All measurements were taken after three measurements for each sample. The results of a static sample for the 4PBT analysed materials are presented in Table 3 . It was found that the obtained results are compatible with the ISO standards and exceed σ f = 800 MPa, regardless of ageing time. More- over, the ageing time of 2.5 h caused an increase in flexural strength compared to the blind sample. In turn, for the 10 h aged sample, various bending strengths were found, which may be because of a strengthening of vari- Table 4 . Based on the obtained results, it can be observed that there is a strong dependence on the ageing time. A slight increase in hardness was found for the samples subjected to ageing for 2.5 h compared to the blind sample. For samples with 5 and 10 h of ageing, a reduction in the hardness occurred compared to the blind sample. Furthermore, the various results of hardness for 10 h of ageing may indicate the strengthening of various phases occurring in the ceramics.
Discussion
The obtained results give valuable information regarding the influence of accelerated ageing tests on the characteristics of the mechanical properties and surface topography of Y-TZP Glidewell BruxZir HT 2.0, dedicated specifically for bruxers, manufactured by CAD/CAM restorations. Accelerated aging tests were used to illustrate the impact of an environment simulating the effects of conditions in the stomatognathic system. On the basis of the results, it can be stated that the application of the external simulation environment can successfully reflect actual conditions [7] . The changes occurring during aging are characterised by the phase transformation of the diffusionless martensitic-type phases [7] . As a result of the transformation, the tetragonal phase changes to the stable monoclinic zirconia phase in an ambient atmosphere. Furthermore, the t→m transformation occurs with a volume expansion (when unconstrained) of approximately 5%, an uplift of the surface of a zirconium object, cracking on the surface and an increase in the hardness of the ceramic [4] . This investigation was concentrated on the description of correlations between ageing time and changes in the surface and mechanical properties. Topographic studies were performed using AFM and SEM. On the basis of the observations and the available data [1, 7] on the surface of the analysed samples, we observed changes that may indicate a phase change of t→m. On the samples from each series from I to III, we noted the characteristic e orescence, indicating the increase of the volume of ZrO 2 grains and the uplift on the surface, which in turn indicates a change in the crystallographic orientation from tetragonal to monoclinic. By comparing the AFM studies of the t→m phase transformation, it can be stated that the analysed surface changes are significantly smaller [1, 7] . In addition, in each of the series, areas with significant grain losses were noted by grain pop-outs. The observed phenomenon is evidence for the volume of grains and the low-temperature degradation of ceramics, which occurs in a humid environment. Observed degradation changes are the result of the uncontrolled phase transformation. On the basis of the AFM studies, there was clear evidence for the relationship between aging time and the number of cavities in the surface of the samples (Figure 3(a)-(c) ). A correlation between the aging time and surface roughness could not be found.
To determine the effect of aging conditions for the mechanical properties of samples, was flexural strength was measured with the 4PBT and hardness measurements with a Vickers penetrator (Oliver-Pharr method). The obtained results confirm the deterioration of the strength properties as the aging of the material increases, but independently for the ageing time are consistent with the ISO standards. In addition, it was found that a 2.5 h sterilisation time causes an increase in flexural strength. Investigations after 10 h of ageing show that different bending strengths were obtained, which may indicate different phase transformations. For hardness measurements, the characteristics of the values obtained are similar to those for 4PBT. With aging time were observed more varied results of hardness measurements for an ageing time of 10 h. This also proves that the phases of the ceramics are different, which may affect the abrasive wear of prosthetic restorations.
Conclusions
Based on the strength tests of the BruxZir HT 2.0 zirconia ceramics, it can be concluded that the analysed materials reach the ISO standards for biomedical grade ceramics. There are some drawbacks in the topographic studies of the quantitative and qualitative share of the undesirable monoclinic ZrO 2 phase. Based on the obtained results, it can be clearly stated that structural studies, such as Xray diffraction or micro-CT-SEM, could be desirable techniques for future studies.
